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A thermophilic lipase-producing bacterium (Anoxybacillus sp. HBB16) was ana-
lyzed using 16S rRNA. The maximum growth rate and intracellular lipase production 
occurred at 50 °C and pH 6.5. Among the various nitrogen and carbon sources tested, 
meat extract, olive oil and olive mill wastewater (OMW) were the best sources for lipase 
production. Enzyme production increased when the strain HBB16 was grown at a 180 rpm 
shaking speed. The maximum activity of the lipase occurred at 55 °C and pH 9.5. 
The presence of phenylmethylsulfonyl fluoride (PMSF), N-cyclohexyl-N′-(2-morpho-
linoethyl) carbodiimidemetho-p-toluenesulfonate (CMC), N-bromosuccinimide (NBS) 
and sodium dodecyl sulfate (SDS) inhibited enzyme activity. Bivalent metal ions caused 
a significant inhibition in enzyme activity, whereas univalent metal ions displayed no 
negative effects.
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Introduction
Lipase (triacylglycerol acylhydrolase; EC 
3.1.1.3) enzymes catalyze the hydrolysis of mono-, 
di- and triacylglycerides to glycerol and free fatty 
acids at an oil-water interface. Lipases, due to their 
application in a wide range of industrial applica-
tions, have emerged as key enzymes in rapidly 
growing biotechnology. Lipases are widely used in 
biocatalysis due to their ability to catalyze not only 
the hydrolysis of triacylglycerides in aqueous solu-
tions but also regio-, enantio- and stereoselective 
reactions in organic media.1 Lipases are widely dis-
tributed in animals, plants, and microorganisms. 
Among these sources, microbial enzymes are often 
considered more useful due to their high enzyme 
yields, great variety of catalytic activities, continu-
ous availability due to the absence of seasonal fluc-
tuations, ease of genetic manipulation, and rapid 
growth of microorganisms on inexpensive media. 
Moreover, the higher stability of microbial enzymes 
than corresponding plant and animal enzymes, and 
the convenience and safety of their production are 
advantageous.2 Enzymes from thermophilic organ-
isms are more stable than similar enzymes from 
mesophilic organisms; therefore, they are more use-
ful for biotechnological applications. Thermostable 
enzymes are important because they have a higher 
reaction rate at a higher operating temperature. Sub-
strate solubility can increase at higher temperatures 
and thereby environmental contamination can be 
avoided.
Lipases are primarily responsible for the hydro-
lysis of acylglycerides at the lipid-water interface. 
On the other hand, lipases may catalyze the reverse 
reaction to produce glycerides from glycerol and 
fatty acids under suitable reaction conditions.3 Li-
pases are extraordinary enzymes that can be used in 
organic solvents. Consequently, lipases have be-
come the most widely used enzymes in various in-
dustrial applications and organic synthesis (i.e., 
food, oleochemical, detergent, pulp and paper in-
dustries, along with the resolution of chiral drugs, 
wastewater treatment, synthesis of peptides, and the 
production of biodiesel).2,4
The parameters that influence lipase production 
include type and concentration of the carbon and 
nitrogen sources, pH of the culture medium, tem-
perature, and concentration of the dissolved oxygen 
in the fermentation medium.5 Furthermore, the pres-
ence of inhibitors, activators, stimulators and sur-
factants, in addition to the amount and source of 
inoculum, can also influence the production of li-
pases.6 Alternative industrial wastes constitute an 
important source to reduce the production costs of 
enzymes and enzyme products from microorgan-
isms. One of these wastes, OMW, is a dark-colored 
effluent produced during the olive oil extraction 
process, and its inappropriate disposal is a serious 
environmental problem in Mediterranean coun-
tries.7,8,9 Sugars, nitrogen compounds, volatile acids, *Corresponding author: zbakir@adu.edu.tr
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polyalcohols, pectins, oil, polyphenols and tannins 
providing the color for the olive mill wastewater 
constitute the main components of the effluent.10 
These components could be a suitable liquid growth 
medium for lipase-producing microorganisms.8 
There are many reports concerning the determina-
tion of the optimum culture conditions and nutri-
tional requirements for lipase production.11,12,13 Ad-
ditionally, several fungi, yeast and bacteria have 
been reported to produce lipase in OMW-based me-
dia.7,8,9 There are very few reports concerning li-
pase-producing Anoxybacillus strains. Lipase from 
Anoxybacillus kamchatkensis,14 a lipase from An-
oxybacillus flavithermus15 and lipases from different 
Anoxybacillus species16 have been reported. How-
ever, none of these studies has focused on the en-
hancement of lipase production.
This study aimed to determine various physical 
and chemical conditions required for the production 
of lipase in thermophilic Anoxybacillus sp. HBB16 




The reagents used in this study were of analyt-
ical grade and purchased from commercial sources 
at their highest purity.
Microorganism
The thermophilic bacterial strain HBB16 had 
been previously isolated from hot springs in Aydın/
Turkey by Dr. Gamze Başbülbül. The strain was 
grown on Luria-Bertani (LB) medium and stored at 
–80 °C in a 20 % skim milk solution.
Identification of bacteria
Genomic DNA of the strain was extracted us-
ing the partially modified phenol-chloroform meth-
od.17 The 16S rRNA gene was amplified via PCR, 
and then the amplicon was sequenced. The primers 
used for amplification were: 341F (5′-CCT ACG 
GGA GGC AGC AG-3′)-985R (5’-GTA AGG TTC 
GCG TT 3’) and 20F (5’-AGA GTT TGA TCC 
TGG CTC AG-3’)-1390R (5’-GAC GGG CGG 
TGT GTA CAA-3’) (1300 bp). The PCR products 
were then directly sequenced in an ABI Prism 3730 
XL Genetic analyzer by a professional company 
(Macrogen Inc., Korea) upon request. The 16S 
rRNA sequences were analyzed using the GenBank 
database (www.ncbi.nlm.nih.gov), and the identifi-
cations were made based on 16S rRNA sequence 
homology using the nucleotide-nucleotide BLAST 
(blastn) tool.
Lipase activity
A spectrophotometric assay was used for the 
determination of lipase activity using p-nitrophenyl 
laurate (pNPL) as substrate.18 The reaction mixture 
consisted of 0.1 mL of enzyme solution, 0.8 mL of 
50 mM Tris-HCl buffer (pH 8.0), and 0.1 mL of 10 
mM substrate (pNPL) solution in ethanol. The tem-
perature was set to 55 °C, and the hydrolytic reac-
tion was conducted for 30 min. Following the incu-
bation, 0.25 mL of 0.1 M Na2CO3 was added to stop 
the reaction. The mixture was centrifuged (10 000 ×g, 
15 min) (Heraeus-Biofugepico, Germany), and the 
absorbance of the filtrate at 410 nm was measured. 
Using the p-nitrophenol molar absorption coeffi-
cient (17.34 mM–1 cm–1), one unit of lipase enzyme 
activity was defined as the amount of enzyme re-
sponsible for the release of 1 µmol p-nitrophenol 
from the pNP-laurate substrate in one minute under 
the defined experimental conditions.
Protein determination
Bradford’s method was used to measure the 
protein concentration19, and bovine serum albumin 
was used as the standard.
Cellular localization of lipase
Anoxybacillus sp. HBB16 was cultivated in 50 
mL of LB (Luria-Bertani) medium at 50 °C and at 
pH 6.5 for 24 h. For the detection of the cellular 
localization of the enzyme, the culture medium was 
centrifuged (15 min, 20 000×g, 4 °C) (Sigma-3K30, 
Germany), and the supernatant (S1) was stored for 
extracellular enzyme analysis. The cells were 
washed twice with ultra-pure water and re-suspend-
ed in an equal volume of Tris-HCl buffer (20 mM, 
pH 8.0, 4 °C) (P1). A small volume of this fraction 
was reserved for the determination of enzyme activ-
ity in the intact cells. The cell suspension was soni-
cated in an ice bath for 10 min at 40 % of the max-
imum power (BANDELIN SONOPULS-HD2200, 
Germany). The mixture was then centrifuged for 15 
min at 4 °C and 20 000 ×g. The supernatant (S2) 
was separated and reserved for the measurement of 
the intracellular lipolytic activity. The disrupted 
cells were washed twice, re-suspended in an equal 
volume of Tris-HCl buffer (20 mM, pH 8.0, 4 °C) 
(P2) and stored for the detection of the cell mem-
brane-bound enzyme activity.
Time course of lipase production  
by Anoxybacillus sp. HBB16
The growth curve of Anoxybacillus sp. HBB16 
was determined at 50 °C and pH 6.5 for 36 hours in 
an orbital shaker (180 rpm). The 500-mL flasks 
containing 100 mL of LB medium were inoculated 
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(1 %, v/v) with a culture grown overnight whose 
OD was adjusted to 0.100 at 600 nm. The culture 
was incubated for 36 hours in an orbital shaker (180 
rpm). The growth curve of Anoxybacillus sp. 
HBB16 was determined by measuring the optical 
density during cell growth at 600 nm against the 
fresh medium. The lipase activity was also deter-
mined during cell growth. Three trials were con-
ducted, and the average values were taken.
Effect of physical parameters on lipase 
production
The effect of temperature and pH on lipase pro-
duction by Anoxybacillus sp. HBB16 was studied 
using LB medium at different temperatures (40–70 
°C) with the initial pH of 6.5 and at different initial 
pH values (6.0–8.5) at 50 °C.
The effect of agitation speed on lipase produc-
tion by Anoxybacillus sp. HBB16 was studied using 
LB medium at different agitation speeds (150, 180, 
210 and 240 rpm). The 250-mL flasks containing 50 
mL of respective media were inoculated (1 %, v/v) 
with a culture grown overnight whose OD was ad-
justed to 0.100 at 600 nm. Next, the cultures were 
incubated at 50 °C and pH 6.5 for 24 hours in an 
orbital shaker. After incubation, the lipase activity 
was determined. Three trials were conducted at 
each assay, and the average values were calculated.
Effect of carbon and nitrogen sources  
on lipase production
The effect of the type of carbon source on li-
pase production by Anoxybacillus sp. HBB16 was 
studied using LB containing various carbon sources 
(olive oil, cottonseed oil, corn oil, soybean oil, al-
mond oil, and olive mill wastewater) at a concentra-
tion of 0.1 % (v/v). In the case of oils being used as 
the carbon source, 0.5 % gum arabic was added to 
the LB medium.
The effect of the type of nitrogen source on li-
pase production by Anoxybacillus sp. HBB16 was 
studied using medium containing 0.1 % olive oil, 1 
% NaCl and 0.5 % gum arabic with various nitro-
gen sources (ammonium sulfate, casein hydrolysate, 
yeast extract, tryptone, peptone, and meat extract) 
at a concentration of 0.5 %.
The 250-mL flasks containing 50 mL of re-
spective media were inoculated (1 %, v/v) with a 
culture grown overnight whose absorbance was ad-
justed to 0.100 at 600 nm. The cultures were incu-
bated for 24 h in an orbital shaker (150 rpm). Fol-
lowing incubation, the lipase activity was 
determined. Three trials were conducted at each 
carbon and nitrogen source, and the average values 
were considered.
Temperature and pH effect on lipase activity
The spectrophotometric enzyme assay was 
conducted at different temperatures (5–80 °C) at pH 
8.0 to determine the effect of temperature on lipase 
activity.
The effect of pH on Anoxybacillus sp. HBB16 
lipase activity was assayed using a range of pH val-
ues (6.5–10.5). The potentiometric assay (pH-stat, 
Radiometer, Villeurbanne, France) was conducted 
by automatically titrating the free fatty acids liberat-
ed from tributyrin emulsion using a 0.01 N NaOH 
solution. Tributyrin emulsion was prepared at a 
concentration of 1 % in ultra-pure water containing 
1 % gum arabic and emulsified by homogenizing 
for 5 minutes. Fifteen milliliters of this substrate 
solution were transferred into the temperature-con-
trolled vessel of the pH-stat. The temperature and 
end-point pH value were adjusted to 55 °C and the 
assay pH, respectively. The reaction was initiated 
by adding 50 µL of the enzyme, whose activity was 
then measured. Under the stated experimental con-
ditions, the amount of enzyme responsible for the 
release of 1 μmol of fatty acid per minute was de-
fined as one unit of lipase.
Effect of inhibitors and metal ions  
on lipase activity
The effect of the inhibitors b-mercaptoethanol, 
PMSF, 1,4-dithiothreitol (DTT), NBS, CMC, SDS 
and metal ions (FeCl3, AlCl3, HgCl2, MgCl2, ZnCl2, 
CaCl2, CuCl2, MnCl2, BaCl2, CoCl2, KCl, LiCl, 
NaCl, NiCl2, NH4Cl, Na2O3Se and EDTA) on lipase 
activity was studied. Lipase was incubated at 30 °C 
for 30 min in the presence of 1 and 5 mM of the 
aforementioned inhibitors or metal ions. Standard 
assay conditions were used for residual activity 
measurement. The activity of the enzyme without 
inhibitors and metal ions under the same experi-
mental conditions was considered as 100 %.
Results and discussion
Identification of the HBB16 strain
The 16S rDNA sequence of the strain HBB16 
showed the highest similarity with Anoxybacillus 
flavithermus (96 %), according to the BLAST re-
sults. The HBB16 strain was registered in the Gen-
Bank database system, from which the accession 
number KR911951 was obtained. The retrieved se-
quences were aligned using the Clustal W progr-
amand were manually edited.20 Phylogenetic trees 
were constructed by the neighbor-joining method 
using the Molecular Evolutionary Genetics Analysis 
version 4.0 (MEGA 4.0)21 (Fig. 1).
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Cellular localization of the lipase
When the cellular localization of the lipase was 
investigated, most of the enzymatic activity was 
found in the intracellular fraction (S2) (Table 1). 
After cell breakage, the activity increased approxi-
mately 39 %. For this reason, the activity measure-
ments of the culture condition effect were performed 
using unbroken cells. This observation indicated 
that the substrate passed through the cellular wall 
prior to hydrolysis. Previously conducted studies 
have also yielded similar results.22,23,24 Intracellular 
enzymes have some biotechnological superiorities 
over extracellular ones. Intracellular lipases are 
generally preferred as a direct source of enzyme for 
industrial applications because of the high-cost pro-
cedures of extraction, purification and the immobi-
lization of extracellular enzymes.25
Time course of lipase production  
by Anoxybacillus sp. HBB16
The growth curve of Anoxybacillus sp. HBB16 
was determined at 50 °C (optimum temperature for 
lipase production) and pH 6.5 (optimum pH for li-
pase production) for 36 hours in an orbital shaker 
(180 rpm). The lipase activity was also measured 
during cell growth. Anoxybacillus sp. HBB16 
reached the logarithmic growth phase at 6 h and the 
stationary phase at 15 h. The enzyme production 
started at the end of the logarithmic phase and 
reached a maximum in the middle (21 h) of the sta-
tionary phase (Data not shown). The pH value of 
the culture medium began to rise starting from the 
sixth hour when steady growth began reaching a 
value of 8.93 at the end of the thirty-sixth hour 
(Data not shown).
Effect of the physical parameters  
on lipase production
Temperature is an important physical parame-
ter affecting microbial enzyme production. Anoxy-
bacillus sp. HBB16 was grown at temperatures 
from 40 to 70 °C on LB medium. The isolate could 
not grow at 40 °C, indicating that the organism was 
a thermophile rather than a thermotolerant bacteri-
um. The growth of HBB16 increased with increas-
ing temperatures starting at 45 °C, and declined at 
70 °C (Fig. 2a). The highest enzymatic production 
was attained at 50 °C. Nevertheless, the activity re-
sults measured at 45 °C and 55 °C were 92 % and 
96 % of the maximum activity, respectively. Thus, 
it may be proposed that HBB16 may be used for 
F i g .  1  – Phylogenetic tree resulting from the analysis of the 16S rDNA sequences of Anoxybacillus sp. HBB16. 
The tree was constructed using the neighbor-joining method. The scale bar indicates a distance of 0.01 
substitutions per site.
Ta b l e  1  – Cellular localization of lipase from Anoxybacillus 
sp. HBB16






Anoxybacillus sp. HBB16 was grown on LB medium at 50 °C 
and pH 6.5 for 24 h. S1 represents the culture supernatant; P1 
represents intact cells; S2 represents the supernatant of broken 
cells; P2 represents broken cells.
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enzyme production in a range of temperatures be-
tween 45 °C and 55 °C (Fig. 2a). The bacterial 
growth was nearly the same at temperatures from 
45 to 65 °C, but the enzyme production decreased 
at 60 and 65 °C. It can be suggested that the reason 
for the decreased enzyme production may be a re-
sult of enzyme denaturation at high temperatures. 
Small differences in the pH of the environment may 
affect bacterial growth and enzyme production. The 
growth and enzyme production of Anoxybacillus sp. 
HBB16 were totally inhibited at pHs 6.0 and 8.5. 
Maximum lipase production was detected when the 
initial pH was adjusted to pH 6.5. However, 97 % 
and 96 % of the maximum activity detected at pH 
7.0 and 7.5, respectively, indicated that these pHs 
may also be used for enzyme production (Fig. 2b). 
Similar results have been obtained in the studies 
conducted using Anoxybacillus sp. HBB134. The 
isolate HBB134 showed maximum enzyme produc-
tion at 45 °C and pH 6.5.23
Agitation rates influenced the lipase production 
of the HBB16 strain. When the shaking speed was 
increased from 150 rpm to 180 rpm, the lipase ac-
tivity increased 1.6-fold. However, at higher shak-
ing rates (210 and 240 rpm), the lipase activity 
slightly decreased (Fig. 2c). The slight decrease in 
lipase activity at a higher agitation rate could be at-
tributed to the hydrodynamic denaturation of en-
zymes caused by shear forces arising from mixing. 
The efficiency of lipase production could be due to 
the increased oxygen transfer rate and the increased 
surface area of contact with the media components.5 
The increase in enzyme production at a higher shak-
ing rate could be explained by the high production 
temperature (50 °C) of HB16. Because the solubili-
ty of the gases is negatively correlated with the in-
crease in temperature, the production medium 
should be well aerated to meet the oxygen needs of 
the bacteria.
Effect of carbon and nitrogen sources  
on lipase production
The carbon source has always been regarded as 
a major factor of lipase production.26 Lipases are in-
ducible enzymes that are generally produced in the 
presence of oils as a carbon source. Lipidic carbon 
sources seem to be essential for obtaining a high 
lipase yield.26,27,28 The effect of lipids added to the 
medium to induce enzyme production varies from 
organism to organism. In accordance with this pur-
pose, the addition of some natural oils and OMW 
was tested to determine their effect on the growth 
and lipase production of Anoxybacillus sp. HBB16 
(Fig. 3a). However, the highest lipase activity was 
measured in the medium containing olive oil, and 
94 % of the enzyme production of the olive oil me-
dium was observed in the medium containing 
OMW. This increase in enzyme activity could be 
attributed to the oil, sugars or nitrogen compounds 
present in the OMW. Because of the high enzyme 
production in the OMW medium, it can be suggest-
ed that OMW could be considered for lipase pro-
duction. The improvement of the remediation and 
valorization of OMW would prevent environmental 
hazards and make an economical contribution.
Similarly, during the production of lipase by 
Penicillium restrictum28 and Bacillus sp. LBN 427, 







Fig. 2  Effect of temperature, initial pH and agitation spe d on lip s  production a) 
Anoxybacillus sp. HBB16 was grown on LB medium at different temperatures and pH 
6.5 for 24 h b) Anoxybacillus sp. HBB16 was grown on LB medium at different pHs at 
50°C for 24 h c) Anoxybacillus sp. HBB16 was grown at 50 °C and pH 6.5 for 24 h on 
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Fig. 2  Effect of temperature, initial pH and agitation speed on lipase production a) 
Anoxybacillus sp. HBB16 was grown on LB medium at different temperatures and pH 
6.5 for 24 h b) Anoxybacillus sp. HBB16 was grown on LB medium at different pHs at 
50°C for 24 h c) Anoxybacillus sp. HBB16 was grown at 50 °C and pH 6.5 for 24 h on 
LB medium with different shaking speeds. The values are the means of three different 
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F i g .  2  – Effect of temperature, initial pH and agitation speed 
on lipase production a) Anoxybacillus sp. HBB16 was grown 
on LB medium at different temperatures and pH 6.5 for 24 h b) 
Anoxybacillus sp. HBB16 was grown on LB medium at different 
pHs at 50 °C for 24 h c) Anoxybacillus sp. HBB16 was grown 
at 50 °C and pH 6.5 for 24 h on LB medium with different 
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containing olive oil. Ertuğrul et al.9 used OMW for 
the production of lipase along with other carbon 
sources, and determined that the best result in lipase 
production by Bacillus sp. was attained in a medi-
um containing triolein. It had been previously re-
ported that the highest amount of lipase production 
by P. camembertii Thom PG3 was attained in jojoba 
oil-containing media followed by olive oil-contain-
ing media.29
Various olive oil concentrations were also test-
ed for lipase production (Fig. 3b). When the olive 
oil concentration was increased from 0.1 % to 0.5 
%, the lipase activity increased. However, at higher 
concentrations (i.e., 1 % and 1.5 %), the lipase ac-
tivity slightly decreased. This result suggests that 
high concentrations of olive oil have an inhibitory 
effect on the lipase production of Anoxybacillus sp. 
HBB16. These results suggest that oleic acid re-
leased into the medium with a high olive oil con-
centration prevents either lipase biosynthesis or its 
cytotoxic effect on microorganisms. In addition, a 
high oil ratio in the medium could cause a reduction 
in the oxygen level in growth medium. These con-
clusions support the result showing an increase in 
enzyme production at a high agitation rate.26
Both organic and inorganic nitrogen sources 
are important for enzyme synthesis in microorgan-
isms. Inorganic nitrogen sources are used quickly to 
meet the immediate nitrogen needs, whereas organ-
ic sources act as a supply for many cell growth fac-
tors and amino acids necessary for enzyme synthe-
sis and cell metabolism.29
Organic nitrogen sources were usually pre-
ferred in studies reported in the literature. The best 
nitrogen source was reported to be 0.75 % yeast ex-
tract for the production of lipase by Acinetobacter 
radioresistens11, 0.2 % peptone for the production 
of lipase by Bacillus megaterium AKG-130, 0.5 % 
peptone and 0.5 % yeast extract for the production 
of lipase by Bacillus coagulans BTS-331, and 0.4 % 
peptone and 0.2 % yeast extract for the production 





Fig. 3  Effect of carbon and nitrogen sources on lipase production a) Anoxybacillus sp. 
HBB16 was grown at 50 °C and pH 6.5 for 24 h on LB medium containing 0.5 % gum 
arabicwith the addition of the indicated carbon source at a concentration of 0.1 % b) 
Effect of olive oil concentration on lipase production. Anoxybacillus sp. HBB16 was 
grown at 50 °C and pH 6.5 for 24 h on LB medium containing 0.5 % gum arabic with 
the a diti  f olive oil at different concentrations c) Anoxybacillus sp. HBB16 was 
grown at 50 °C a d pH 6.5 for 24 h on medium containing 0.1 % olive oil, 1 % NaCl, 
0.5 % gum arabicwith the addition of the indicated nitrogen source at a concentration of 
0.5 % d) Effect of meat extract concentration on lipase production. Anoxybacillus sp. 
HBB16 was grown at 50 °C and pH 6.5 f r 24 h on medium co tai ing 0.1 % olive oil, 
1 % NaCl, 0.5 % gum arabicwith the addition of meat extract at different 
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F i g .  3  – Effect of carbon and nitrogen sources on lipase production a) Anoxybacillus sp. HBB16 was grown at 50 °C and pH 6.5 
for 24 h on LB medium containing 0.5 % gum arabic with the addition of the indicated carbon source at a concentration of 0.1 % b) 
Effect of olive oil concentration on lipase production. Anoxybacillus sp. HBB16 was grown at 50 °C and pH 6.5 for 24 h on LB me-
dium containing 0.5 % gum arabic with the addition of olive oil at different concentrations c) Anoxybacillus sp. HBB16 was grown at 
50 °C and pH 6.5 for 24 h on medium containing 0.1 % olive oil, 1 % NaCl, 0.5 % gum arabic with the addition of the indicated 
nitrogen source at a concentration of 0.5 % d) Effect of meat extract concentration on lipase production. Anoxybacillus sp. HBB16 
was grown at 50 °C and pH 6.  for 24 h on medium containing 0.1 % olive oil, 1 % NaCl, 0.5 % gum arabic with the addition of 
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It was observed that the production of lipase by 
Anoxybacillus sp. HBB16 is considerably affected 
by the type of nitrogen source. Additionally, it was 
observed that bacterial growth correlates well with 
the enzyme production but varies due to the nature 
of the nitrogen source (Fig. 3c). Ammonium sulfate 
was found to be the worse nitrogen source, whereas 
meat extract was found to be the best nitrogen 
source among the tested nitrogen sources for lipase 
production. For this reason, various meat extract 
concentrations were further tested (Fig. 3d). When 
the meat extract concentration was increased from 
0.5 % to 1 %, the lipase activity increased 2.4-fold 
and reached a maximum at 1.5 % meat extract.
Temperature and pH effect on enzyme activity
The effects of pH on HBB16 lipase activity 
were tested using the emulsion of tributyrin as a 
substrate with the pH-stat method. The lipase 
showed activity at pH values between 6.5 and 10.5 
(Fig. 4a), with the highest activity (100 %) at pH 
9.5. The enzyme had no activity below pH 6.5 or 
above pH 10.5. Moreover, the enzyme maintained 
86 %, 90 % and 74 % of its maximum activity at 
pH 8.5, 9.0 and 10.0, respectively. It is known that 
lipases are active at alkaline pHs. Lipases from Ba-
cillus thermoleovorans CCR1132 and Bacillus coag-
ulans BTS-331 have an optimum activity at pH 9.0–
10.0 and pH 8.5, respectively. However, lipases that 
show activity at neutral and acidic pHs are also 
available. The present results prove that the enzyme 
under investigation is an alkaline lipase. Lipases 
that are stable under alkaline conditions are consid-
ered promising candidates for the removal of fat 
stains in detergent formulations and for treating 
wastes from dairy industries.
The enzyme showed maximum activity at 55 
°C and maintained 60 % and 64 % of its maximum 
activity at 45 °C and 50 °C, respectively (Fig. 4b). 
These results are similar to those of Bacillus mega-
terium (55 °C)33, Bacillus sphaericus 205y (55 °C)34 
and Bacillus coagulans BTS-3 (55 °C)31. These re-
sults indicate that the enzyme may be useful for 
various processes such as detergent, leather, medi-
cal, cosmetic, textile and food industries2.
Effect of metal ions and inhibitors  
on enzyme activity
The effects of metal ions and inhibitors on the 
activity of the lipase are shown in Table 2. In most 
of the lipases and esterases, there is a serine residue 
located at the active site of the enzyme.35 However, 
lipases have lid structures that cover the entrance of 
the active site. Therefore, some lipases were not in-
hibited or were slightly inhibited by PMSF.36,37 
HBB16 lipase activity decreased by approximately 
95 %, 78 % and 70 % in the presence of NBS, CMC 
and PMSF, respectively, suggesting the presence of 
tryptophan, carboxyl groups and serine residues at 
the active site of the enzyme. Because the enzyme 
activity was not inhibited by β-mercaptoethanolor 
DTT, we propose that sulfhydryl (SH–) and disul-
fide (-S-S-) groups in the active site of the enzyme 
are not present and are not participants in the catal-
ysis processes. Similar results were found with 
 Bacillus licheniformis38, Bacillus thermoleovorans 
Ta b l e  2  – Effect of metal ions and inhibitors on enzyme activity
Residual enzyme activity (%) Residual enzyme activity (%)
Additives 1 mM 5 mM Additives 1 mM 5 mM
Control 100 100 NiCl2 16 ± 0.01 8.9 ± 0.01
NaCl 107 ± 0.34 76 ± 0.02 MnCl2 14 ± 1.25 1.2 ± 0.46
KCl 107 ± 0.10 94 ± 0.34 CuCl2 12 ± 0.29 1.5 ± 0.06
NH
4
Cl 101 ± 0.22 27 ± 0.35 HgCl2 6 ± 0.31 0
LiCl 100 ± 0.42 27 ± 0.15 ZnCl2 4.5 ± 0.13 0
Na2O3Se 75 ± 0.01 20 ± 0.05 EDTA 112 ± 0.25 110 ± 0.10
CaCl2 68 ± 0.07 13 ± 0.05 PMSF 30 ± 0.32 4 ± 0.04
AlCl3 48 ± 0.62 30 ± 0.03 β-mercaptoethanole 97 ± 1.06 94 ± 0.24
BaCl2 37 ± 0.06 28 ± 0.03 CMC 22 ± 0.63 30 ± 0.07
CoCl2 29 ± 0.03 31 ± 0.05 NBS 5.2 ± 0.29 0
MgCl2 28 ± 0.32 26 ± 0.05 DTT 97 ± 1.01 82 ± 0.03
FeCl3 20 ± 0.07 0.1 ± 0.04 SDS 77 ± 0.36 11 ± 0.27
The lipase was incubated at 30 °C for 30 min in the absence (control) and presence of additives at a final concentration of 1 M and 5 
M. The lipase activities are expressed as the percentage of control, which was set as 100 %. All of the measurements are the means 
of three experimental data sets.
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CCR1132, Bacillus sphaericus 205y34 and Bacillus 
licheniformis MTCC 682439 lipases.
HBB16 lipase in the presence of 1 mM univa-
lent metal ions (Na+, K+, Li+, NH
4
+) maintained its 
activity, but 5 mM Li+ and NH
4
+ caused inhibition 
(73 %). Bivalent metal ions caused a dramatic inhi-
bition in enzyme activity in 1- and 5-mM concen-
trations. Univalent metal ions had not displayed a 
negative effect on enzyme activity, presumably due 
to the weak attachment on the enzyme surface and 
active site. Because bivalent metal ions tightly at-
tach, especially to amino acids with carboxyl groups 
(aspartic acid and glutamic acid residue), we sug-
gest that they cause a decrease in lipase activity be-
cause of changes in the enzyme conformation or by 
blocking the binding of the substrate to the active 
site.
These results support our proposal suggesting 
that the presence of carboxyl groups in the active 
site of the enzyme is responsible for its activity. Be-
cause lipase activity increased approximately 10 % 
after incubation with EDTA, the lipase is not a me-
talloenzyme. The increase in the enzyme activity in 
the presence of EDTA is probably due to the bind-
ing of metal ions by EDTA. Similar to HBB16 li-
pase, lipases of Bacillus sp.40, Bacillus thermoleov-
orans CCR1132 and Acinetobacter sp. RAG-137 
were inhibited by Hg2+. It was reported that lipases 
of Pseudomonas aeruginosa PseA36 and Aspergillus 
carneus41 had also conserved their activities against 
EDTA.
Conclusions
In this study, medium components (carbon and 
nitrogen sources), initial pH and incubation tem-
perature were examined for the optimization of li-
pase production of thermophilic Anoxybacillus sp. 
HBB16. The results of this study indicate that HBB 
16 can produce lipase efficiently in a wide tempera-
ture and pH range (between 45 °C – 55 °C and pH 
6.5–7.5). However, the agitation rate and meat ex-
tract concentration also enhanced lipase production 
significantly. Alternative industrial wastes consti-
tute an important source to reduce the production 
costs of enzymes and enzyme products from micro-
organisms. OMW, a waste product, was also used as 
a carbon source in lipase production and high en-
zyme production was observed in this medium. The 
maximum activity of the HBB 16 lipase occurred at 
55 °C and pH 9.5 indicates that the enzyme may be 
useful for various industrial processes.
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